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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 ♦♦♦♦ shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The high thermal-resistance polypropylene fiber or yam to which it is the polypropylene 
fiber or yam which comes to extend the gay polypropylene resin whose melt flow rates (230 degrees 
C, 2.16kg load) an isotactic pentad fiaction is less than 98.5% 96% or more, and are 0.1-30g / 10 
nrinutes after melting fabrication, and 170 degrees C and the rate of a thermal contraction for 10 
minutes are characterized by dissolution peak temperature being 178 degrees C of mdre 10% or less. 
[Claim 2] The high thermal-resistance polypropylene fiber according to claim 1 or yam 
characterized by heat-treating the polypropylene fiber or yam after extension at 170-195 degrees C 
imder restricted strain. 

[Claim 3] The high thermal-resistance polypropylene fiber according to claim 1 or 2 or yam 
characterized by the dissolution peak which measured the polypropylene fiber or yam before 
restricted heat treatment in the state of the restraint existing in 1 80 degrees C or more. 
[Claim 4] Fiber for cement reinforcement characterized by the bird clapper fix)m a high thennal- 
lesistance polypropylene fiber or yam given in any 1 term of claims 1-3. 



[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this taranslation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not traiislated. 

DETAILED DESC RIPTION ■ ■ 

[Detailed Description of the Invention] 

riJie technical field to which invention belongs] Especially this invention relates to the high thermal- 
resistance polypropylene fiber or yam used as fiber for cement reinforcement about a high thermal- 
resistance polypropylene fiber or yam. 

roSption of the Prior Art] The cement moldings is used for interior material, a sheathing 
Uterial, roofing, ete. as a buUding-materials use firom the former. Although tiie product which 
added asbestos fiber fiom the former is widely used as fiber for reinforcement of these cement 
moldings the bad influence to asbestine health is regarded as questionable m recent years as 
especially an environmental problem becomes severe, and use of this alternative fiber B mcreasmg 
every year As fiber for reinforcement which substitutes for this asbestos, polyolefine fiber, such as a 
poljiropyiene fiber and a polyethylene fiber, is begmning to be especially used as alternative fiber 
which does not have a bad influence in a human body in recent years. « , j r- 

rOOOSl In the stage of performing the fabrication, cement needs regimen process. 170-180 degrees C 
of regimens are performed within an autoclave (10 kg£'cm2) for dozens hours. However, m the usual 
polypropylene fiber, since the melting point is 160-165 degrees C, bearing this regimen cannot be 
finked, it dissolves and the problem to which polypropylene does not exist as fiber m cement 
concrete after a regimen end arises. When lowering the curing temperature of cement concrete to 
165-170 degrees C, it was needed for the re^en for a long time, arid th«e were problems, such as 
causing a productivity fall* 
[0004] 

b>roblem(s) to be Solved by the Invention] From the above-mentioned viewpoint, as cement : 
reinforcing materials, the purpose of this invention does not tend to be dissolved at the autoclave- 
curing temperature of 175-180 degrees C, but tends to offer a high thermal-resistance polypropylene 
fiber or yam excellent in form maintenance nature. 

for Solving the Problem] As a r«sult of inquiring wholeheartedly that the above-mentioned 
technical problem should be attained, by heat-treating the gay polypropylene resm >^ch has specific 
stereoregularity and a fluidity at specific temperature under restricted strain after melting extension, 
this invention persons found out that the rate of a thermal contraction under an elevated tempCTatuie 
could be stopped low, and dissolution peak temperature could be made high, and completed this 

ro006] That is, invention of the 1st of this invention is the polypropylene fiber or yam y/^ch comes 
to extend the gay polypropylene resin whose melt flow rates (230 degrees C, 2.16kg load) an 
isotactic pental fiaction is less than 98.5% 96% or more, and are 0.1-30g / 10 minutes ^meltmg 
fabrication, and 170 degrees C and the rate of a thermal contraction for 10 minutes are the high 
thermal-resistance polypropylene fibers or yam to which dissolution peak temperature is 
characterized by being 178 degrees Cor more 10% or less. , , . , , 

[0007] Moreover, invention of the 2nd of this invention is a high thermal-resistance polypropylene 
fiber or yam given in the 1st invention characterized by heat-treating the polypropylene fiber or yam 
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[0008] Moreover, invention of the 3rd of this invention is a high thermd-resistance polypropylene 
fiber or yam given in invention of the 1st or 2 characterized by the dissolution peak which measured 
the polypropylene fiber or yam before restricted heat treatment in the state of the restraint existing in 
1 80 degrees C or more. 

[0009] Moreover, invention of the 4th of this invention is fiber for cement reinforcement 
characterized by the bird clapper fi'om a high thermal-resistance polypropylene fiber or yam given in 
the 1 -3rd ones of invention. 
[0010] 

[Embodiments of the Invention] Hereafter, this invention is explained in detail. 
1 . The isotactic pentad firaction (it abbreviates to IPF hereafter.) whose polypropylene resin in a 
polypropylene resin this invention is the index of stereoregularity is less than 98.5% 96% or more, 
and the melt flow rates (it abbreviates to MFR hereafter.) in 230 degrees C and 2.16kg load are 0.1- 
30g / gay polypropylene resin that satisfies 0.5-25g / 10 minutes preferably for 10 minutes. The 
melting temperature of gay polypropylene itself and its fiber moldings becomes it low that IPF is less 
than 96%, it is unsuitable as cement reinforcmg materials, and on the other hand, at the time of melt 
spinning, crystallization of a melting resin is remarkable and spinning stability, such as a thread 
shake, is early spoiled in connection with a bird clapper as IFF is 98.5% or more. Moreover, since 
the pressure of a dice outlet rises too much that MFRs are O.lg / less than 10 minutes at the time of 
melting fabrication (mainly spinnmg of fiber), if MFR, on the other hand, exceeds 30g / 10 minutes 
preferably, the amount component of macromolecules will decrease in polypropylene resin, an 
orientation crystal decreases to the fiber after extension, or yam, the melting temperature of fiber or 
yam becomes low as the result, and it becomes unsuitable as cement reinforcing materials. 
Furthermore, it is desirable that the molecular weight distributions (Mw/Mn) of gay polypropylene 
are 3.5-12, and it is desirable that it is especially 4-9. 

[001 1] In the gay polypropylene resin used by this invention, the well-known modifier for 
polyolefines can be used together suitably conventionally according to the purpose of use. For 
example, they are an antioxidant, an ultraviolet ray absorbent, a light stabilizer, crystal *♦♦***, an 
organic carboxylic acid, an antistatic agent, a surfactant, a neutralizer, a dispersant, an epoxy 
stabilizer, a plasticizer, lubricant, an antimicrobial agent, a flame retarder, a bulking agent, a foaming 
agent, a foaming assistant, a cross linking agent, a bridge formation assistant, a pigment, etc. As an 
antioxidant, a phenol system antioxidant, the Lynn system antioxidant, a sulfiir system antioxidant, 
an amine system antioxidant, and vitamins are mentioned. As a neutralizer which served as tiie 
dispersant, a metallic soap, hydrotalcites, a lithium aluminum compound hydroxide salt, a silicate, a 
metallic oxide, a metal hydroxide, etc. are mentioned. Moreover, in order to raise the fiber in the 
inside of cement, or the dispersibility of yam, it is also effective to add hydrophilic polymer, such as 
a polyethylene glycol and a polyethylene oxide, within the limits of 0. 1-20 weight section. 
[0012] 2. A high thermal-resistance polypropylene fiber, the high thermal-resistance polypropylene 
fiber of the manufacture method this invention of yam, or yam extends the above-mentioned gay 
polypropylene resin after melting fabrication for non-extended fiber, makes it fiber or yam, further, 
under restricted strain, heat-treats and is obtained. 

[0013] Manufacture of non-extended fiber makes a gay polypropylene resin raw material iflie shape 
of the shape of a pellet, and powder, and, generally is performed by the melting extrusion method. 
For example, non-extended thread is obtained using multifilament melt spinning equipment or 
monofilament meU spinning equipment. Moreover, after extrading through a flat die or a ring die, 
Ae tape for extension (split yam) is obtained by judging. Subsequently, it extends with extension 
equipment. 

[0014] Extension operation can be performed with multi-stage [ one step or two steps or more of]. 
The range of extension temperature is 70-150 degrees C, and it performs extension operation by 
making oven, a hot platen, a heating draw roll, far mfirared rays, warm water (wet heat), etc. into a 
heat source. In the case of fiber, in the case of two to 7 times, and yam, draw magnification is four to 
1 8 times preferably two to 20 times 1 .5 to 1 0 times. When performing extension operation with 
multi-stage, temperature can be raised gradually and, finally extension operation can also be 
perforaied in a 160-195-degree C temperature field. In this case, the below-mentioned heat treatment 
can also be simplified or omitted. That is, heat treatment under restricted tonus can be performed 
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with in-line by setting the draw roll temperature in the case of extension as 160-190 degrees C. 
[00 1 5] As for an extension polypropylene fiber or yam, it is desirable that the dissolution peak 
temperature measured in the state of the restraint is in 1 80 degrees C or more. That is, the state 
which restrained the extension polypropylene fiber or yam before the below-mentioned heat 
treatment, and after specifically twisting around metals, such as an aluminum board, so that fiber 
may not contract, it is in the state supplied to the pan for DSC measurement, and when the 
dissolution peak of the result measured by part for scan speed/of 10 degrees C is in 1 80 degrees C or 
more, it can consider as the fiber or the yam which can be equal to the below-mentioned heat 
treatment. When the dissolution peak concemed is less than 180 degrees C, since fiber or yam 
dissolves at the time of heat treatment under the restricted tonus in an elevated temperature, it is not 
desirable. 

[0016] The above-mentioiied polypropylene fiber or above-mentioned yam extended and obtained 
heat-treats at 170-195 degrees C under restricted strain. Although it is the range of 130-150 degrees 
C preferably and 120-160 degrees C of heat treatments were generally performed conventionally By 
carrying out restricted stram of the extension fiber, and heat-treatmg at an elevated temperature in 
this invention Crystallization of the orientation crystal section becomes easy to advance, high- 
melting point-ization is brought about, extension fiber and yam do not dissolve in the temperature 
beyond the original melting point, but the fiber obtained is a low contraction and finds out a bird 
clapper to a hi^-melting point 

[0017] namely, the bottom of restricted strain - the heat treatment temperature of 170-195 degrees C 
- desirable - 175-190 degrees C and heat treatment time 2- the rate of the tiiermal contraction 
[rate / for 10 minutes / 170 degrees C of a polypropylene fiber and / of a thermal contraction ] for 
175 degrees C and 10 mmutes can bepreferably made 10% or less 10% or less by performing heat 
treatment for 5 - 40 minutes for 60 minutes Furthermore, the dissolution peak standup temperature in 
DSC measurement, dissolution peak temperature, and dissolution end temperature can be shifted to 
an elevated-temperature side, and dissolution peak temperature can be made into 178 degrees C or 
more. If dissolution peak temperature reaches that heat treatment temperature is less than 1 70 ■ 
degrees C only to about 1 73 degrees C with the fiber of low draw ma^fication, pnd yam but it 
exceeds 195 degrees C, since fiber or yam dissolves, heat treatment will become impossible. 
[0018] 3. The fiber for cement reinforcement and the high thermal-resistance polypropylene fiber of 
a strengthening cement moldings this invention, or yam has a low rate of a thermal contraction under 
an elevated temperature as mentioned above, and smce the melting point has shifted to ian elevated-^ 
temperature side, it can be used as fiber for cement reinforcement. Even if it performs autoclave 
curing of 175-180-degree C cement concrete especially, the form is held and fully demonstrates the 
function as a reinforcement 

[0019] As cement in the case of applying the high thermal-resistance polypropylene fiber or yam of 
this invention as cement reinforcing materials, special cement, such as non-hydraulic cement, such as 
hydraulic cements, such as Portland cement, a white portland cement, alumina cement, a pozzolanic 
cement, magnesia cement, and Pozzolan cement, plaster, and coal, and an acid resisting cement, etc. 
can usually be mentioned, for example. 

[0020] Moreover, it can obtain by blending thermosetting water soluble resins, such as the 
aggregates, such as a pebble and sand, pulp, paraffin, a wax, and resol type phenol resin, various 
kinds of polymer emulsions, a hardening accelerator, a concrete retarder, a water reducing agent, etc. 
with one sort or two sorts or niore in the cement mentioned above as a cement constituent using the 
above-mentioned cement inorganic material, such as a calcium carbonate, a magnesium hydroxide, 
or a titanium white, and if needed, for example. When stiffening this cement constituent, as for the 
mixing ratio of the cement at the time of adding water to a cement constituent, and water, and the so- 
called CfW ratio, it is desirable to consider as the range of 1-10. The amount of a CAV ratio of water 
increases too much less than in one, the intensity of a cement hardened material does not become 
high enough, but if 10 is exceeded, the fluidity of a cement constituent will get worse. 
[0021] It faces using the high thermal-resistance polypropylene fiber or yam of this invention as 
cement reinforcing materials, and the forms used witii the configuration differ. For example, when 
making yam into cement reinforcing materials, in the stage which the above-mentioned cement 
constituent has not hardened completely, yam is fixed to the semi-hardening object of a cement 
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constituent by the rock bolt etc., and the method of supplying a cement constituent further etc, is 
used. Moreover, in using fiber as cement reinforcing materials, after cutting fiber in length of 3- 
30mm preferably, it is desirable to mix and use into the above-mentioned cement constituent In this 
case, since it becomes impossible to acqiiire sufficient reinforcement effect as it is hard coming to 
distribute m a cement constituent uniformly and is less than 3mm conversely when fiber length 
exceeds 30mm, it is not desirable. 

[0022] Moreover, the amount in which cement reinforcing materials are made to mix has desirable 
0.1-30 weight section to the cement constituent 100 weight section, and its 0.5 - 15 weight section 
is especially desirable. If the amount of cement reinforcing materials cannot acquire reinforcsement 
effect sufficient in under the 0.1 weight section but exceeds 30 weight sections, it will be hafd 
conung to distribute cement reinforcing materials uniformly . 

[0023] In addition, in case a polypropylene fiber or yam is mixed in a cement constituent etc. as 
cement reinforcing materials, m order to raise compatibility with cement etc., processing with a 
surfactant etc. is desirable. 

[0024] Various cement products are mentioned as a fiber strengthenmg cement moldmgs using the 
high thermal-resistance polypropylene fiber or yam of this invention. For example, the structures, 
such as passages, such as the underwater structures, such as a tetrapod, a bridge, and a tunnel, the 
structure for railroads and a building, a residence (interior material, sheathing material^ and a wall 
surface, a revetment block, a tile, etc. can be mentioned 
[0025] 

[Example] Although an example explains this invention below, this invention is not limited only to 
an example. In addition, the examining method in an example is as follows. 
[0026] (1) IPF : it is an isotactic molar firaction m the pentad unit in the polypropylene chain 
measured by ray ZAMBERI and others (A. Zambelli) using the nuclear-magnetic-resonance 
spectrum (13 C-NMR) by isotope carbon according to Macromolecules, six volumes, and the 
method announced by 925 pages (1 973). That is, an isotactic pentad molar firaction is a molar 
fiction of the propylene unit in which five propylene monomeric units carried out isotactic 
combination continuously. However, about attribution of a peak, it carried out based on 
Macromolecules, eight yoliraies, and the revised edition of ttie above-mentioned reference of a 687 
pages (1975) publication. Specifically, the isotactic pentad unit was measured vvdth the on-the- 
strength molar fi:actipn of the mmmm peak in a fiill energy peak of the methyl carbon field of 13 C- 
NMR spectrum. 

[0027] (2) It measured at 2.16kg of loads, and 230 degrees C by MFRzJIS K 72^ 
(3) It measured in MwMn(molecular weight distribution):GPC. 

[0028] (4) Dissolution peak temperature under a restraint : it adjusted so that sample about 4mg of 
fiber or yam might be twisted around an aluminum board and fiber might not contract in a 
temperature up, and dissolution peak temperature was measured in a part for scanning temperatuie/of 
10 degrees C fix)m the room temperature. 

[0029] (5) Dissolution peak standup temperature, dissolution peak temperature, and dissolution end 
temperature : it measured in a part for scanning temperature/of 10 degrees C from the room 
temperature about sample about lOmg of extension fiber or yam by DSC (differential scanning 
calorimetry). However, dissolution peak standup temperature was made into the intersection of the 
base line and a dissolution peak standup tangent. 

[0030] (6) The rate of a thermal contraction : a polypropylene fiber or yam was held for 10 minutes 
in oven (170 degrees C and 175 degrees C), and the contracted rate was made into fhe rate of a 
thermal contraction. 

[0031] (7) Fiber gestalt retentivity after autoclave curing : the concrete test piece was broken after 
the regimen within the autoclave, and the following criteria estimated from the state configuration of 
the fiber which remains in the cross section. 

O : the thing in the state where the configuration of the tiiread of a cross section remained 
completely. 

*♦: What apart of configuration of the thread of a cross section melte, and gestalt change is regarded 
as. 

x: The configuration of the thread of a cross section melts and gestalt change is remarkable. 
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[0032] Molecular weight distribution 97.2% for 1.5g / 10 minutes to the gay polypropylene powder 
of 4 5 [ example IIPF ] [ MFR ] Respectively tetrakis [methylene-3-(3, 5-G t-butyl-4- 
hydroxyphenyl) propionate] methane and a tris (2, 4-G t-buthylphenyl) force fight (all are the Ciba 
Specialty Chemicals make) as an antioxidant The 0.05 weight section. After blending calcium 
stearate, using 0.05 weight ****** and a super mixer as a neutralizer, melting kneading was carried 
out with the screw speed of 230 degrees C and 75rpm with the extiiiding press machme of SOmmphi, 
and pellet-like polypropylene was obtained. . . . . u 

[00331 Meh spinning of this was carried out using the multifilament spmnmg machme with a gear 
pump (dice : 0.8mm phix30 holes) by part for 300m/in the spinning temperature of 280 degrees C, 
and winding speed, and about 20-denier non-extended thread was obtained. Subsequentiy, it 
extended under conditions with a part for feed speed 50m/, the feed roll temperature of 90 degrees C, 
130 degrees C [ of heater temperature of an extending point ], and a draw roll temperature of 160 
degrees C and extension thread was obtained 3.7 times by die 4.0 times as many highest draw 
magnification as tiiis. The DSC chart which measured the dissolution peak tenqwratuie under the 
restraint of extension thread is shown in teingJ. . Dissolution peak temperature was 201 degrees 
C. 

[0034] After fixing ends so tiiat the obtamed extension tiiread may not be contracted with heat, it 
heat-treated by having put in for 30 minutes into 1 SO-degree C reduction-gear oven, and the heat- 
resistant polypropylene fiber was obtained. The dissolution peak standup temperature, the 
dissolution peak temperature, the dissolution end temperatiire, and tiie rate of a thermal contraction 
of the obtained fiber were measured. The result is shown in Table 1. In addition, the DSC chart 
which measured dissolution peak temperatuie ete. is shown in dravying 2 . . • j 

[0035] in order to raise compatibility with cement to die extension fiber after heat ti«atinent obtained 
as mentioned above - a polyoxy-alkylene-glycol system surfactant (ttadename: - LEO contest 
1015B -) After applying Uon company make (it is 0.1 % of die weight to fiber) and cutting m lengOi 
of 15mm, an ordinary portland cement (Taiheiyo Cement Corp. make). No. 8 siUca sand, pulp, arid 
water by the weight ratio ordinary-portland-cement: - silica sand: ~ pulp: - it blended and supphed 
in the becoming cement constitiient so tiiat it might be set to water =100:100:3:60, and stirring 
mixture was carried out using the Omni mixer in addition, die mixing ratio of a cement constituent 
and die above-mentioned fibrous cement reinforcing materials - a capacity factor - cement 
constituent: - fibrous - it was referred to as cement reinforcing materials =1 00: 1 
[0036] The cement-fibrous cement reinforcing materials mixture obtained as mentioned above was 
slushed into the mold witii a lengdi of SOmm, a width of fece [ of 30mm ], and a height of 20mm, 
and, subsequently autoclave curing was performed for die foUowing low pressure steam curmg on 
the 1st on die 1st. The obtained concrete test piece was broken and die fiber form was observed. The 
result is shown in Table 1. ' ^ r «». « 

[0037] Low pressure steam curing: Cany out an isothermal regimen for 3 to 5 hours alter 
recuperating oneself at 23 degrees C for 2 to 5 hours and raising at 20 degrees Ohour in speed to 65 
degrees C. It cools slowly to 23 degrees C over 10 - 15 hours after diat. 
[0038] Autoclave curing: Maintain **, such as an isodiennal, for 3 hours after supplying to an 
autoclave iron pot, applying for 3 hours, after unmolding, and heating and pressurizing to 160 
degrees C and ten atmospheric pressure. Heating pressurization is carried out to 180 degrees C and 
tenatinospheric pressure over 1 hour after diat, and next, water is filled in die space of die outer wall 
ofan iron pot, and it cools over 7- 10 hours to it 

[0039] 170 degrees C and die rate of a diermal contraction for 10 mmutes were 0%, die dissolution 
peak standup temperatiire of die fibrous cement reinforcing materials by DSC measurement itself, 
dissolution peak temperatiire, and dissolution end temperatiire are 175 degrees C, 179 degrees C, and 
1 84 degrees C, respectively, and marked melting point elevation being seen compared widi die 
fomier, consequendy holding die fiber gestalt after autoclave curing in 1 80 degrees C was checked 

asshoivninTablelanddiaadD&l- . ^ ^ , u *u 

[0040] Except having made example 2 heat-t-eatinent temperatiire mto 183 degrees C, hke me 
exampte 1 fibrous cement reinforcing materials 3.7 times die draw magnification of diis were 
obtained, and die test sample was obtained like die example 1 . A result is shown in Table 1 and 
drawine 2 Consequendy, 170 degrees C and die rate of a diermal contraction for 10 minutes are 
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fSn Lto°«l^'^e 1 . fibrom cement remforotag materials 3.2 times the draw -agnifcati^of 
[0041] I-*? ,^23 eMinDle 3IPF obtained the test sample like flie example 1, except «iat MFR 
tdTsrSt^r^ used the m^^^-fVO^^'*-'J'^'^ 

^d^'^rSL«byDSGmeas«dissol,.tionpe*^^^ 
Ko^e Powd J of 4 5 as ^ <m«^xid». ^spe^^e^^ 

?^v?^^ Wro^fhe^e 0»r hexa 25B; Nippon OU & Fats Ca^td. 
^l^cit»^te0.o{w^ght..^-^b^^^^^ 

SStSL'^StSe'offi— threadm^nc^be^ 
K^teKgpmin&rBOmiinflesinto l80-degreeCiedaction-gearov«,«idfliehea»- 

S'^SS'firwe m;.u«d the *o™m T^^ 

Jit^d^Se^nSTlting ^int were low ^tively. and it ™s checks, after 
autoclave curir^g in 180 deg«es C ^^^^^^^J^^^tu^ a, the of example of 
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170 degrees C and the rate of a themal contraction for 1 0 minutes were 65%, the dissolution peak 
standup temperature by DSC measurement, dissolution peak temperature, and the dissolution end 
tempemture of 167 degrees C, 169 degrees C. 177 degrees C, ^d the melting pomt were low 
respectively, and it was checked afler autoclave curing in 180 degrees C that most of the fiber form 

rOMg^Except that MFR used 94.2% for 2g / 10 minutes, and molecular weight (fisteibution used 
exaiiple of comparison 3IPF ] the gay polypropylene powder of 5.2 and draw ^mp««h^v«^ 
iiade into 1 10 degrees C and they made heat treatment temperature 155 degrees C, like^&e example 
1 fibrous cement reinforcing materials 4.0 times the draw magnification of this were obtamed^ and 
v^ous physical-properties values were measured likethe example 1, and Reform a^ autoclave 
curing was observed. Hie result is shown in Table 1. Consequentiy, could dissolve 170 depes C 
and the rate of a thermal contraction for 10 minutes, and tiiey could not be measured, but the 
dissolution peak standup temperature by DSC measurement, dissolution peak temperature and the 
S ution end temperaWe of 158 degrees C, 163 degrees C. 16 degrees C, ^J^^^^^^. 
were low respectively, and it was checked after autoclave cunng m 1 80 degrees C that die fiber form 

r0049m die example 3 of example of comparison 4 comparison, when heat treato^ttemperati»e 
wasinadeinto 170 degrees C, fiber was not able to fiise during heat treatment and fibrous cement 
reinforcing materiak were not able to be obtained. • u*^ ,— :u „ 

r00501 Except tiiat MFR used 96.7% for 40g / 10 minutes, and molecular weight distribution used 
example of comparison 51PF ] the gay polypropylene powder of 4.2, and 250 degrees C ^d draw 
roll temperature were made into 110 degrees C and tiiey made heat treatmert temperature 160_ ^ 
deoees C for spinning temperature, like the example 1, fibrous cement reinforcmg matenals 5.0 
tiiSs the draw magnification of this were obtained, and various physical-properties values were 
measured like the example 1, and the form after autoclave curing was obsared. The resdt is shown 
in Table 1. Consequentiy. could dissolve 170 degrees C and the rate of a thermal contraction for 10 
minutes, and they could not be measured, but the dissolution peak standup temperature by DSC 
measurement, dissolution peak temperature, and the dissolution end temperature of 161 Q 
166 degrees C, 173 degrees C, and die melting pomt were low respectively, and it was checked after 
autoclave curing in 180 degrees C that the fiber form is not held. 

r00511 In the example 5 of example of comparison 6 comparison, when heat treatoent temperature 
wasmadeinto 170 degrees C, fiber was not able to fiise during heat treatment and fibrous cement 
reinforcing materials were not able to be obtained. 
:0052] 
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[Effect of the Invention] since the polypropylene fiber or the yam of this invention is heat-treating at 
±e elevated temperature under the restricted stram after extension using specific fluid gay ■ 
Dolypropy lene resin with high stereoregularity - the rate of a thermal contraction m an elevated 
temperature - it is low. and since it is the high high thermal-resistance polypropylene fibw or the 
varn of the melting point, even if it uses as fiber for cement reinforcement, the fiber form is 
maintained under severe caie of health, and the effect as a reinforcing agent can fully demonstrate 
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Abstract 
Purpose 

The purpose of the present invention is to produce a polypropylene fiber or yam with 
high heat resistance suitable for use as a cement reinforcement material that does not undergo 
fusion at autoclave curing temperatures in the range of 175-180^C and that has superior shape 
retention. 

Means to solve 

In a polypropylene fiber or yarn with high heat resistance produced by hot-melt molding 
a homopolypropylene resin having an isotactic pentad flection in the range of 96-98.5% and 
melt-flow rate (230''C, 2.16 kg load) in the range of 0.1-30 g/10 min and drawing, a 
polypropylene fiber or yam with high heat resistance characterized by the fact that the heat 
shrinkage factor at 170®C for 10 min is 10% or below and the fixsion peak temperature is 178°C 
or£^ove. 

Claim 

1 , A polypropylene fiber or yam with high heat resistance produced by hot-meU molding 
a homopolypropylene resin having an isotactic pentad fi-action in the range of 96-98.5% and 
melt-flow rate (230*'C, 2.16 kg load) in the range of 0.1-30 g/10 min and drawing, which 
polypropylene fiber or yam with high heat resistance is characterized by the fact that the heat 
shrinkage factor at 1 70°C for 1 0 min is 1 0% or below and the fusion peak temperature is 1 78X 
or above. 

2. The polypropylene fiber or yam with high heat resistance described in Claim 1, 
characterized by the fact that a heat treatment is provided for the polypropylene fiber or yam 



with high heat resistance after drawing at a temperature in the range of 170-195^G under restraint 
tension. 

3. The polypropylene fibCT or yam with high heat resistance described in Claim 1 or 2, 
characterized by the fact that the fusion peak of the polypropylene fiber or yam with higih heat 
resistance before the heat treatment with restraint measured under restraint tension exists at 
ISO'^C or above. 

4. A cement reinforcement fiber made of the polypropylene fiber or yam with high heat 
resistance described in one of Claims 1-3. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a polypropylene fiber or yam wifli high heat resistance 
and the invention fiirther pertains to a polypropylene fiber or yam with hi^ h^t resistance used 
for cement reinforcement fiber. 

[0002] 
Prior art 

Historically, cement moldings are used for building materials such as interiors, exteriors, 
and roofing. In the past, products containing asbestos fibers have been widely used as 
reinforcement materials for cement moldings, but with recent environmental problems, the 
adverse effect of asbestos on health is gaining attention and use of replacement fibers is 
increasing each year. For reinforcement fibers to replace the above-mentioned asbestos, 
polyolefin fibers, in particular, polypropylene fibers and polyethylene fibers can be mentioned, 
and their use is on the increase as replacement fibers that can be used without adverse effects on 
the human body. 

[0003] 

Cement requires a curing process during molding. Curing is achieved in an autoclave 
(10 kgfi^cm^) for several tens of hours at a temperature in the range of ITO-ISO^'C. However, ttie 
fusion point of standard polypropylene fibers is in the range of 160-165®C; thus, fusion takes 
place during the aforementioned cming and the polypropylene fails to exist in the cement 
concrete after curing. When the curing temperature for the cenient concrete is reduced to 
165-170''C, for example, a long curing time is required and productivity is reduced. 
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[0004] 

Problems to be solved by the invention 

Based on the above background, the piirpose of the present invention is to produce a 
polypropylene fiber or yam with high heat resistance suitable for use as a cement reinforcement 
material that does not undergo fusion in an autoclave at a curing temperature of 175-1 80°C and 
that has superior shape retention, 

[0005] 

Means to solve the problems 

As a result of much research conducted by the present inventors in an effort to eliminate 
the above-mentioned existing problems, the researchers discovered that it was possible to control 
the thermal shrinkage factor under high temperature to a low value and to increase the fusion 
peak temperature when a heat treatment is provided for a homopolypropylene resin having 
specific stereoregularity and flow properties at a specific temperature under restraint tension after 
hotrmelt drawing, and as a result, the present invention was accomplish 

[0006] 

In other words, the first invention of the present invention is a polypropylene fiber or 
yarn with high heat resistance characterized by the fact that the heat shrinkage factor at 170X 
for 10 min is 10% or below and the fusion peak temperature is 178°C or above in a 
polypropylene fiber or yam with high heat resistance produced by hot-melt molding a 
homopolypropylene resin having an isotactic pentad fiction in the range of 96-98.5% and 
melt-flow rate (230X, 2.16 kg load) in the range of 0,1-30 g/10 min and drawing. 

[0007] 

Furthermore, the second invention of the present invention is the polypropylene fiber or 
yam with high heat resistance described in the first invention characterized by the fact that a 
heat-treatment is provided for the polypropylene fiber or yam with high heat resistance after 
drawing at a temperature in the range of 170-1 95®C under restraint tension. 

[0008] 

Furthermore, the third invention of the present mvention is the polypropylene fiber or 
yam with high heat resistance described in the first or second invention characterized by the fact 
that the fusion peak of the polypropylene fiber or yam with high heat resistance before the 
heat-treatment with restraint measured under restraint tension exists at 180X or above, 

f. . 
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[0009] 

Furthermore, the fourth invention of the present invention is a cement reinforcement fiber 
made of the polypropylene fiber or yam wifli high heat resistancie described in the first to the 
third inventions. 

[0010] 

Embodiment of the invention 

In the following, the present invention is explained in fiffttier detail, 

1. Polypropylene resin 

The polypropylene resin used in the present invention is a hombpolypropylene resin . 
having an isotactic pentad fi:action (hereinafter refen«d to as IPF), which is tiie index of 
stereoiegularity, of 96-98.5% and satisfies the melt-flow rate (hereinafter referred to as MFR) of 
0.1-30 g/10 min, preferably, 0.5-25 g/10 min at 230T and under a load of 2.16 kg. When the 
IPF is 96% or below, the fiision temperature of the homopolypropylene itself is reduced, and it is 
not suitable to be used as a cement reinforcement material; on the oflier hand, when the IFF is 
98.5% or above, spuming stability such as stability of the thread is lost as a residt of an 
excessively high rate of crystallization of the molten resin at Has time of hot-melt spinning. 
Furthermore, when the MFR is 0. 1 g/1 0 min or below, an increase in the pressure at the die exit 
occurs at the time of hot-melt moldmg (mainly at the time of spinning of the fiber); on the ptiier 
hand, whOT the MFR is 30 g/10 min or above, the polymer component is reduced in the 
polypropylene resin, oriented crystals in the fiber or yam are reduced after drawing, and as a 
result, the fusion temperature of the fiber or yam is reduced, and the material is not suitable to be 
used as a cement reinforcement material. It is further desirable when flie molecular weight 
distribution (Mw/Mn) of the homopolypropylene is in the rangie of 3.5-12, and 4-9 is further 
desirable. 

[0011] 

For the homopolypropylene resin used in the present invention, conventional modifiers 
for polyolefins may be used in combination according to the intended appUcatioa For example, 
antioxidants, ultraviolet absorbers, light stabilizers, crystalline nucleating agents, organic 
caiboxylic acids, antistatic agents, surfactants, neutralizing agents, dispersants, epoxy stabilizers, 
plasticizers, lubricants, antibacterial agents, flame retardants, fillers, blowing agents, foaming co- 
agents, crosslinldng agents, crosslinking co-agents, pigments, etc., can be mraitioned. For 
antioxidants, phenoUc antioxidants, phosphoric antioxidants, sulfiu- type antioxidants, amine type 
antioxidants, vitamins, etc., can be mentioned. For neutralizing agents that double as dispersants. 
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metal soaps, hydrotalcites, lithium aluminum composite hydroxylate, silicates, metal oxides, 
metal hydroxides, etc., can be mentioned. Furtheraiore, it is effective to add 0.1-20 parts by 
weight of a hydrophilic polynier such as polyethylene glycol and polyethylene oxide so as to 
increase dispersibiUty of the fiber or yam in the cement. 

[0012] 

2. Method for production of polypropylene fiber or yam with high heat resistance 

The polypropylene fiber or yarn with high heat resistance of the present invention is 
produced by hot-mek molding the above-mentioned homopolypropylene resini to form an 
amorphous fiber, drawing to form a fiber or yam, and providing a heat treatment under restraint 
tension. 

[0013] 

In general, an amorphous fiber is produced by the hot-melt molding method using a pellet 
type or powder type homopolypropylene resin raw material. For example, a multifilament 
hot-melt spinning device or monofilament hot-melt spinning device is used to produce an 
amorphous yam. Furthermore, when the material is cut after passing through the flat die or ring 
die, a tape for drawing (split yam) is produced. Subsequently, drawing is done with a drawing 
machine. 

[0014] 

Drawing is achieved in a single stage or in a multistage device consisting of two or more 
stages. The drawing temperature is in the range of 70-150°C and the drawing operation is done 
using an oven, a hot plate, hot drawing roll, infixed, hot water (wet heat), etc., as a heat source. 
The drawing ratio is in the range of 1.5-10 times, preferably, 2-7 tiines, for fibers, and 2-20 
times, preferably, 4-18 times, for a yam. When drawing is done in a multistage device, the 
temperature can be increased in a stepwise fashion and final drawing is done at a temperature in 
the range of 160-195''C. In this case, the heat treatment described below may be omitted. In other 
words, when the drawing roll temperature at the tune of drawing is set to a temperature in the 
range of 1 60-1 90°C, an inline heat treatment under restraint tension is made possible. 

[0015] 

It is desiriable when the drawn polypropylene fiber or yam has a fusion peak temperature 
measured under a restraint state of 1 SO^'C or above. In other words, when the fiision peak 
measured under restraint tension of the drawn polypropylene fiber or yam before the 
heat-treatment described below, in specific terms, when the fiision peak measured at a scanning 
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rate of lO^'C/min as the fiber is wound around a metal such as an aluminum sheet to prevent 
shrinkage of the fiber and placed on a DSC measurement plate, is 180^C or above, production of 
a fiber or yam having an adequate resistance to the heat treatment described below is possible. 
When the aforementioned fusion peak is 1 SO^'C or below, fiision of the fiber or yam occurs at the 
time of heat treatment under high temperature and under restraint tension, which is not desirable. 

[0016] 

A heat treiatment is provided for the polypropylene fiber or yam with high heat resistance 
drawn as described above under restraint tension at a temperature of 170-195X. In general, a 
heat-treatment is provided at a temperature m the range of 120-160X, preferably in the range of 
130-150°C in the past, but crystallization at the oriented crystal part is likely to be promoted 
when a heat treatment is provided for the drawn fiber imder restraint tension in the present 
invention, and an increase in the fiision point is made possible, and fiision of the drawn fiber or 
yam does not occur at a temperature above the fiision point, and production of a fiber with a low 
shrinkage factor and high fiision point is made possible. 

[0017] 

In other words, when a heat treatment is applied at a heat-treatment temperature in the 
range of 170-195^C, preferably 175-190^C, for 2-60 min, preferably 5-40 min, it is possible to 
achieve a heat shrinkage factor of the polypropylene fiber of 10% or below at 170^*0 for 10 min, 
preferably 10% or below at IIS^'C for 10 min. Furthermore, it is possible to shift the fiision peak 
start-up temperature, fiision peak temperature, and fiision end temperature at DSC measurement 
towaid the high temperature side, and it is possible to achieve a fiision peak temperature of 
178°C or above. When the heat-treatment temperature is HO^'C or below, the fiision peak 
temperature of the fiber or yam with a low drawing ratio is capable of achieving approximately 
173T, at most, and when the temperature exceeds 195''C, fiision of fiber or yam takes place and 
heat treatment is difiGcult 

[0018] 

3. Cement reinforcement fiber and reinforced cement molding 

As described above, the heat shrinkage factor is low in the polypropylene fiber or yam 
with high heat resistance of the present invention under high temperature and the fiision point is 
shifted toward the high-temperature side and is suitable to be used as a ceinent reinforcement 
fiber. Especially when curing is done in an autoclave used for concrete at a temperature of 
175-180°C, the shape is retained and it can be used as effectively as a reinforcement material. 

f 



8 



[0019] 

For the cement for which the polypropylene fiber or yam with high heat resistance of the 
present invention is used as a cement reinforcement material, for example, hydraulic setting 
cements such as portland cement, white portlahd cement, aluminous cement, silica cement, 
magnesia cement, and pozzuolana cement, air-hardening cements such as gypsum and coal, 
special cements such as acid-resistant cement, etc., can be mentioned, 

[0020] 

Fiuthermore, production of a cement composition that utilizes the above-mentioned 
cement is made possible when an inorganic material such as calcium carbonate and magnesium 
hydroxide, optional aggregates such as pebbles and sand, thermosetting water-soluble resins such 
as pulp, paraffin, wax and resol type phenolic resin, a variety of polymer emulsions, curing 
accelerators, curing inhibitors, water reducing agents, etc., are added to one or more types of the 
above-mentioned cements. Upon ciuing of the above-mentioned cement coniposition, the mixing 
ratio of the cement and water, when water is added to the cement composition, that is, the C/W 
ratio, is preferably in the range of 1-10. When the C/W ratio is below 1, the amount of water 
becomes too high and an adequate strength cannot be achieved upon curing of the cement; on ttie 
other hand, when said ratio exceeds 10, the flow properties of the cement composition become 
inferior. 

[0021] 

When the polypropylene fiber or yam with high heat resistance of the present invention is 
used as a cement reinforcement material, the application form varies depending on the shape of 
the fiber or yam. For example, when a yam is used as the cement reinforcement material, a 
method where the yam is fastened to the partially cured cement composition using a lock bolt, 
etc., and the cement composition is supplied is used. Furthermore, when the fiber is used as a 
cement reinforcement material, preferably, the fiber is cut to a length of 3-30 nmi and mixed in 
the above-mentioned cement composition. In this case, uniform dispersing of the fiber in the 
cement composition is less likely to occur when the length of the fiber exceeds 30 mm; on the 
other hand, an adequate reinforcement effect cannot be achieved at 3 mm or below. 

[0022] 

Furtheraiore, in general, the amount of cement reinforcement riiaterial used is in tiie 
range of 0.1-30 parts by weight for 100 parts by weight of the cement composition, and in the 
range of 0.5-15 parts by weight is further desirable. When the amount of the cement 
reinforcement material included is 0.1 part by weight or below, an adequate reinforcement effect 
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cannot be achieved; on the other hand, when the amount exceeds 30 parts by weight, uniform 
dispersing of the cement reinforcement material is less likely to be achieved. 

[0023] 

Furthennpre, upon nuxing of the polypropylene fiber or yam with Mgh heat resi^ 
with the cement composition as a cement reinforcement material, it is desirable when a treatment 
is provided with a surfactant, etc., to increase the affinity witii the cement 

[0024] 

A variety of cement productis can be mentioned as fiber-reinforced cement moldings that 
utilize the polypropylene fiber or yam with high heat resistance of the present invention. For 
example, underwater structures such as tetrapods, railway structures such as bridges and tunnels, 
structures such as buildings, houses (interiors and exteriors), wall surfaces, revetments, roof tiles, 
etc., can be mentioned. 

[0025] 

Application examples 

The present invention is explained in fijrfher detail below, but the present invention is not 
limited to the application examples below. Furthermore, test niethods used in the present 
invention are as shown below. 

[0026] 
(l)IPF 

The isotactic factor by pentad unit in the polypropylene molecular chain is measured by a 
nuclear magnetic resonance spectral analysis (^^C-NMR) based on isotopic caibon accordmg to 
the method reported in Macromolecules, Vol. 6, p. 925 (1973) by A. Zambelli et al. In other 
words, the isotactic pentad factor is the propylene unit factor where five continuous propylene 
monomer units are isotactically bonded. Wherein, assignment of the peak is done according to 
the corrected version of the aforementioned document described in Macromolecules, Vol. 8, 
p. 687 (1 975). In specific terais, measurement of the isotactic pentad unit is done based on the 
intensity factor of the mmmm peak in the total absorption peak in the methyl carbon region of 
the *^C-NMR spectra. 
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[0027] 

(2) MFR 

According to tiie specification of JIS K 7210, measiirement was done under a load of 
2.16kgandat230^a 

(3) Mw/Mn (molecular weight distribution) 

GPC was used for tiie measurement. 

[0028] 

(4) Fusion peak temperature under a restraint state 

Approximately 4 mg of a sample fiber or yam were wrapped aroimd an aluminum sheet 
and an arrangement was made to prevent shrinkage of the fiber at flie time of temperature 
increase, and the fusion peak temperaiture was measured at a scanning rate of 10°C/min starting 
fix)m room temperature. 

[0029] 

(5) Fusion peak start-up temperature, fusion peak temperature, and fusion end temperature 

Approximately 10 mg of drawn sample fiber or yam were used and the measurement was 
made by DSC (Differential Scanning Calorimetry) at a scanning rate of lO'^C/min starting &om 
room temperature. In this case, the fusion peak start-up temperature is the nodal point of contact 
of the base line and fusion peak start-up line. 

[0030] 

(6) Heat shrinkage factor 

The polypropylene fiber or yam with high heat resistance was retained in an oven heated 
to 170°C and 175°C for 10 min and the shrinkage ratio is defined as the heat shrinkage factor. 

[0031] 

(7) Fiber shape retention after curing in an autoclave 

After curing m an autoclave, the concrete test piece was cracked and an evaluation was 
made based on the shape of the fiber cross section based on the criteria shown below. 
O : complete sh^e of the fiber is left behind in the cross section. 
A: fiber is partially dissolved at the cross section and a change of shape is observ^^ 
X: fiber is dissolved and ai change of sh^e is observed in the cross section. 
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[0032] 

A pplication Example 1 

For the homppolypropylene powder with an IPF of 97.2%, MFR of 1.5 g/lO min and 
molecular weight distribution of 4.5, 0.05 part by weight each of tetrakis[methylene-3-(3,5-di-t- 
butyl-4-hydroxyphenyl)propionate)]methane and tris(2,4-di-t-butylphenyl)phosphite (both 
products of Chiba Special Chemicals Co.) were added as antioxidants, then, 0.05 part by weigiht 
calcium stearate was added as a neutralizing agent, and blending was done in a siq)ermixer, and 
hot-melt mixing was done by an extruder with a diameter of 50 mmij) at a temperature of 230**C 
and screw rotation of 75 ipm to produce polypropylene pellets. 

[0033] 

Hot-melt spinning was done for the aforementioned pellets by a multifilament spinner 
(die: 0.8 mm(|> x 30 holes) equipped with a gear punq> at a spinning tenq)erature of 280*'C and 
take-up speed of 300 m/min to produce an amorphous yam of approximately 20 denier. 
Furtheraiore, drawing was done at a feed rate of 50 m/min, feed roll temperature of 90^, heater 
temperature at a drawing point of 130^ and drawing iroll temperature of leO^C to produce a 
yam drawn by 3.7 times at a maximum drawing ratio of 4.0 times. The DSC chart obtained by 
measuring the fusion peak temperature under a restraint state of the drawn yam is shown in 
Figure 1. The fiisipn peak ten^erature was 201"'C. 

[0034] 

Both ends of the drawn yam were fastened to prevent shrinkage by heat and it was placed 
in a gear oven heated to 1 80°C for 30 min and a heat treatment was appUed to produce a 
heat-resistant polypropylene fiber. Measurements were made of the fiisipn peak start-up 
temperature, fiision peak temperature, fiision end temperature, and heat shrinkage factor of the 
fiber produced. The results obtained are shown in Table 1 below. Furthermore, the DSC chart 
obtained upon measurement of fusion peak temperature, etc., is shown in Figure 2. 

[0035] 

In order to increase affinity with the cement, a polyoxyalkylene glycol type surfactant 
(trade name: Leocon [transliteration] 1015B, product of lion Co.) was coated onto the drawn 
fiber produced as described above after the heat treatment (0.1 wt% for the fiber); then, the fiber 
was cut to form lengths of 15 mm, and added to a cement composition comprisinig a nonnal 
Portland cement (product of Taiheiyo Cement Co.), No. 8 quartz sand, pulp, and water at a 
weight ratio of nonnal portland cement : No. 8 quartz sand : pulp : water = 100:100:3:60, and 
stining and mixing were provided by an Omni mixer. In this case, the mixing ratio of the cement 
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composition and the above-mentioned fiber-like cement reinforcement material was cement 
composition:fiber-like cement reinforcement material = 100:1 at a volume ratio. 

[0036] 

The cement and fiber-like cement reinforcement material mixture produc 
above was poured into a mold form with a length of 80 mni, width of 30 mm, and height of 
20 mm and then atmospheric pressure steam curing was provided for one day, and curing in an 
autoclave was provided for one day. The concrete test piece was cracked and the shape of the 
fiber was examined. The results obtained are shown in Table 1 below. 

[0037] 

Atmospheric pressure steam curing: Curing was done for 2-5 h at 23°C and the 
temperature was increased to 65°C at a rate of 20®C/hi and isothermal curing was done for 
3-5 h. Subsequently, the temperature was reduced to 23''C in 10-15 h and slow cooling was 
achieved. 

[0038] 

Curing in an autoclave: The mold was removed and the test piece was placed in an 
autoclave pot, and heated to 1 60°C and pressurized to 1 0 atm in 3 h and the isothennal 
temperature and pressure were retained for 3 h. Subsequently, the temperature was increased to 
180°C in 1 h and 1 0 atm was retained; then, water was poured into the space between the pot and 
the outer wall and cooling was done over 7-10 h. 

[0039] 

As shown in Table 1 and Figure 2, the heat shrinkage factor at 170**C for 10 min is 0% 
and the fiision peak start-up temperature, fiision peak temperature, and fiision end temperature of 
the fiber-like cement reinforcement niaterial based on DSC measurement were 175^C, 179°C, 
and 184®C, respectively, and in comparison to the prior art, a significant increase in the fiision 
point is observed, and fiirthermore, good shape retention after autoclave curing at 180®C was 
confirmed. 

[0040] 

A pplication Example 2 

The heat-treatment temperature was changed to 183°C arid production of a fiber-like 
cement reinforcement material with a drawing ratio of 3.7 times was achieved and a test sample 
was produced as in Application Example 1 . The results obtained are shown in Table 1 and Figure 
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2. As a result, the heat shrinkage factor at 170°C for 10 min is 0% and the fusion peak start-up 
temperature, fusion peak temperature, and fusion end temperature of the fibdr-^like cement 
reinforcement material based on DSC measurement were 177''C, 182°C, and 187X, 
respectively, and a significant increase in the fusion point is observed, and furthermore, good 
sh^e retention after autoclave curing at 1 80°C was confirmed. 

[0041] 

A pplication Example 3 

A homopolypropylene powder with an IPF of 96.8%, MFR of 0.5 g/lO mm, molecular 
weight distribution of 4.7 was used and production of a fiber-like cement reinforcement material 
having a drawing ratio of 3.2 was achieved and a test sample was produced as in Application 
Example 1. The results obtained are shown in Table 1 and Figure d. As a result, the heat 
shrinkage factor at 170*^C for 10 min is 0% and the fusion peak start-up temperature, fiision peak 
temperature, and fusion end temperature of the fiber-like cement reinforcemient material based 
on DSC measurement were ne^'C, 181°C, and 185*'C, respectively, and a significant increase in 
the fusion point is observed, and furfhermorej good shape retention after autoclave curing at 
180''C was confirmed. 

[0042] 

A pplication Example 4 

For a homopolypropylene powder with an IPF of 97.0%, MFR of 2 g/10 min and 
molecular weight distribution of 4.5, 0.05 part by weight each of 
tetrakis[methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)pn)pionate)]meti^ 
tris(2,4-di-t-butylphenyl)phosphite (both products of Chiba Special C3iemicals Co.) was added as 
antioxidants; then, 0.05 part by weight calcium stearate was added as a neutralizing agent, and 
then, 0.04 part by weight of 2,5-dimethyl-2,5-di(t-butylperoxy)hexane (Perhexa [transliteration] 
i25B, product of Japan Fats and Oils Co.) was added and blending was done by a supeitnixer, and 
hot-meh mixing was done by an extruder with a diameter of 50 mmc|) at a temperatiu^ of 230°C 
and screw rotation of 75 rpm to produce a polypropylene pellet with an MFR of 10 g/10 min and 
molecular weight distribution of 3.7. 

[0043] 

Hot-melt spinning was conducted for the pellets produced by a multifilament spinner 
(die: 0.8 mm<|) x 30 holes) equipped with a gear pump at a spinning temperature of 280*'C and 
take-up speed of 300 m/min to produce an amorphous yam of approximately 20 denier. 
Furtheraiore, drawing was done at a feed rate of 50 m/min, feed roll tempierature of 90X, heater 
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temperature at the drawing point of 130°C and drawing roll temperature of 160°C to produce a 
yam drawn to 4.5 times. The DSC chart obtained by measuring the fusion peak temperature 
under the restraint state of the drawn yam is shown in Figure 1 . The fusion peak temperature was 
183X. 

[0044] 

Both ends of the drawn yam were fastened to prevent shrinkage by heat and placed in a 
gear oven heated to 1 80°C for 30 min and heat treatment was appHed to produce a heat-resistant 
polypropylene fiber. Measurements were made for the fusion peak start-up tempemtiire, fusion 
peak temperature, fusion end temperature, and heat shrinkage factor of the fiber produced. The 
results obtained are shown in Table 1 and Figure 2. 

[0045] 

The heat-resistant polypropylene fiber cement reinforcement material was used and the 
state after curing in an autoclave as in the case of Application Example 1 was examined. As a 
result, the heat shrinkage factor at 170®C for 10 min is 0% and the fusion peak 
temperature, fusion peak temperature, and fusion end temperature of the fiber-like cement 
reinforcement material based on DSC measurement were 174''C, 179.5''C, and 185°C, 
respectively, and a significant increase in the fusion point is observed, and furthermore, good 
sh^e retention after autoclave curing at 1 80°C was confirmed. 

[0046] 

Comparative Example 1 

The drawing roll temperature at the time of drawing was changed to 1 10**C and the heat 
treatment was omitted and production of a fiber-like cement reinforcement material with a 
drawing ratio of 3.7 times was achieved as in Application Example 1, and measurement of each 
property was done as in Application Example 1 and the state after curing in an autoclave was 
examined as described above. The results obtained are shown in Table 1 and Figure 2. As a 
result, the heat shrinkage factor at 170®C for 10 min was 77% and the fusion peak start-up 
temperature, fusion peak temperature, and fusion end temperature of the fiber-like cement 
reinforcement material based on DSC measurement were low values of 158®C, 165°C and 
173°C, respectively, and good shape retention after autoclave curing at 180®C was absent. 
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[0047] 

Comparative Example 2 

The drawing roll temjierature at the time of drawing was changed to 1 10*C and the 
heat-treatment temperature was changed to leS'C and a fiber-like cement reinforcement material 
with a drawing ratio of 3.7 times was produced as in Application Example 1, and measurement 
of each property was done as in Application Example 1 and the state after curing in an autoclave 
was examined as described above. The results obtained are shown in Table 1 and Figure 2. As a 
result, the heat shrinkage factor at 170°C for 10 min was 65% and the fiision peak start-iq) 
temperature, fusion peak temperature, and fusion end temperature of the fiber-like cement 
reinforcement material based on DSC measurement were low values of 167*C, 169**C and 
177**C, respectively, and good diape retention afta: autoclave curing at 180*C was absent. 

[0048] 

Comparative Example 3 

A hoinopolypropylene powder with an IPF of 94.2%, MFR of 2 g/10 min and molecular 
weight distribution of 5.2 was used and the drawing roll ten^jerature was changed to 1 lOX and 
the heat-treatment temperature was changed to 1 55*'C and a fiber-like cement reinforcement 
material with a drawing ratio of 4.0 was produced as in Application Example 1, and 
measurement of each property was done as in Application Example 1 and the state after curing in 
an autoclave was examined as described above. The results obtained are shown in Table 1- As a 
result, measurement of the heat shrinkage factor at 170°C for 10 min was not possible due to 
fusion, and the fusion peak start-up temperature, fusion peak temperature, and fusion end 
temperature of the fiber-like cenaent reinforcement material based on DSC measurement were 
low values of 158**C, 163*'C and 168'C, respectively, and good ^lape retention after autoclave 
curing at 180**C was absent 

[0049] 

Comparativ e Example 4 

hi Comparative Example 3, when the heat-treatment temperature of HO^C was used, 
fusion of the fiber took place during the course of tiie heat treatment and production of a 
fiber-like cement reinforcement material was not possible. 

[0050] 

Comparative Example 5 

A homopolypropylene powder with an IPF of 96.7%, MFR of 40 g/10 min and molecular 
weight distribution of 4,2 was used and spinning temperature of 250**C, drawing roll tiemperature 

■ f • ■ . • ■ ' 
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of 1 10°C, and heat-treatment temperature of 160°C were used and a iSber-like cement 
reinforcement material with a drawing ratio of 5-0 times was produced as in Application 
Example 1, and measurement of each property was done as in Application Example 1 and the 
state after curing in an autoclave was examined as described above. The results obtained are 
shown in Table 1. As a result, measurement of the heat shrinkage factor at 170*^C for 10 min was 
not possible due to fusion, and fusion peak start-up temperature, fusion peak temperature, and 
fusion end temperature of the fiber-like cement reinforcement material based on DSC 
measurement were low values of 161°C, 166°C, ITS^'C and 180X, respectively, and good shape 
retention after autoclave curing at 1 80°C was absent. 

[0051] 

Comparative Example 6 

In Comparative Example 5, when the heat-treatment temperature of t70^C was used, 
fusion of the fiber took place during the course of the heat treatment and production of a 
fiber-like cement reinforcement matoial was not possible. 



[0052] 
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Key: 1 Homopolypropylene resin 

2 Drawing ratio (times) 

3 Fusion peak temperature of drawn yam under restraint state (**C) 

4 Heat-treatment temperature under restraint tension (®C) 

5 Properties of heat-resisting polypropylene fiber 

6 Shape retention of fiber after curing in autoclave 
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7 Fusion peak start-up temperature (°C) 

8 Fusion peak temperature (°C) 

9 Fusion end temperature (X) 

1 0 Heat shrinkage factor @ _ (%) 

1 1 Application Example 

12 Comparative Example 

13 None 

14 Fusion 



[0053] 

Effect of the invention 

In the polypropylene fiber or yam with high heat resistance of the present invention, a 
homopolyprppylene resin with higih stereoregularity and specific flow properties is used and a 
heat treatment is provided at a high temperature after drawing under restraint tension; thus, the 
heat shrinkage factor at high temperature is low and a polypropylene fiber or yam with high heat 
resistance with high melting point is produced, and when used as a cement reinforcement fiber, 
good shape retention can be achieved even under harsh curing conditions, and it can be used 
effectively as a reinforcement material. 

Brief description of the figures 

Figure 1 is the DSC measurement chart of the drawn yams produced in Application 
examples 1, 2 and 4 imder a restraint state. 

Figure 2 is the DSC measurement chart of fibers produced in the application examples 
and comparative examples after heat treatment 
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